Background: The diagnostic evaluation of chronic venous disease (CVD) of the lower limbs (LLs) is mainly based on duplex ultrasound (DUS). Invasive venous pressure measurements (VPMs) are seldom performed in specialized centers with still controversial results. The noninvasive Doppler method has not been accepted as a validate method as the emerging values are influenced by several environmental and biological factors, and do not correspond to hydrostatic pressure. Therefore, these values will be defined as venous pressure index (VPI). In our previous experience, the VPI was accepted by patients in the daily practice, and the VPI was significantly correlated with C of C.E.A.P. (P < 0.05 -0.0001) and furnished useful hemodynamic information. This study was to verify the role and clinical implications of the VPI measurements in the pathophysiology and diagnostics of superficial CVD of the LL.
Introduction
Many authors in the past, from 1733 up to now, performed venous pressure measurements (VPMs) by means of invasive methods which have been partially resumed by Hojensgard and Sturup [1] .
The first proposal for doing the examination by noninvasive Doppler method was presented in 1975 by Gaylis [2] and further on by Bartolo in 1977 [3] . In 1985 Bartolo et al published a study of 8,742 lower limbs (LLs) affected with various venous disease which were compared with normal limbs. The emerged data were of a high statistical significance [4] .
The modern hemodynamic evaluation of chronic venous disease (CVD) of the LL is mainly based on duplex ultrasound (DUS) examination. Hemodynamic investigations as VPM and plethysmography are systematically performed in few centers [5] [6] [7] [8] . The majority of the authors accept the invasive VPM which furnish hydrostatic values but do not trust in the results obtained by Doppler method, as they are influenced by many different anatomical, functional, biological, mechanical and/or environmental factors. These factors of variation cannot be completely investigated and analyzed. For this reason, the values resulting from Doppler method should be better defined as venous pressure index (VPI).
We have been using the noninvasive VPI measurement in the differential diagnosis of the majority of the clinical cases affected with various venous diseases of the LL since 1985. Since 1996, we started the use of a phlebologic software for the informatic filing of all the cases studied in our Vascular Laboratory [9] . The emerging data and the experience acquired clearly demonstrated that the VPI measurements could give Manuscript accepted for publication September 18, 2015 Spina et al J Curr Surg. 2015;5(4): [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] useful information concerning the severity and pathophysiology of CVD, and several therapeutic implications were noted.
We often decided where and how to extend superficial and/ or deep veins surgery and/or endovascular treatments, as endovenous laser and sclerotherapy of superficial venous insufficiency of the LL, for the patient's follow-up and for a more precise selection of the class of compression stockings [10] , which rendered the patients more compliant than in the past [11] , on the bases of the VPI results. The aim of this study was to verify the role and significance of the VPI measurements in the pathophysiology and diagnostics of superficial CVD of the LL and their clinical and therapeutic implications.
Materials and Methods
In the period comprised between 1996 and 2002, 2,098 LLs of 1,049 patients affected with CVD and/or other pathologies of the LL were studied by clinical and DUS investigations. The distribution of the cases is reported in Table 1 . Both cross and longitudinal USD scanning (Sonoscape 1000; SonoMed Bio, Inc., Bayamon, Puerto Rico ® ) were performed at the following venous sites: common femoral vein, popliteal vein, deep veins of the calf, posterior tibial vein (PTV) at the ankle, sapheno-femoral and sapheno-popliteal junctions, greater saphenous vein (GSV) at the junction, thigh and leg, smaller saphenous vein (SSV) at the junction and at the middle calf. The site and the time of reflux (R) were determined [9] . R with a time of duration of more than 1 s was considered pathological [12, 13] . The several diameters were calculated for clinical purposes but the resulting values were not correlated with the VPI measured in the various districts nor analyzed. Perforating veins (PVs) were also investigated and the presence and time of R were detected in the incompetent ones.
In 1,212 LLs of 887 patients with CVI and 162 normal LLs which were studied in our Vascular Laboratory, the noninvasive VPI measurements were systematically performed. LLs affected with venous malformations, deep venous thrombosis or superficial phlebitis were excluded. The number of the examined LLs affected with deep VI was too small, the statistical analysis appeared to be scarcely significant and they were excluded too.
The VPI values were detected by Doppler method (Dop 2000; Cardioline Milano, Italy ® ) in standing position and after 10 tip-toeing exercises (ambulatory VPI) and the differential values were calculated in three venous districts: GSV, SSV and PTV [3, 4] .
The VPI measurement is performed as follows. The patient is placed over a platform with banister in order to facilitate the standing position and the tip-toeing exercise. A pneumatic cuff of a sphygmomanometer is located at the middle calf and fixed with plaster. A Doppler 8 MHz probe, which can be flat (Fig. 1) or cylindrical, is placed at the ankle level on the skin above the great GSV, the SSV and the PTV. The patient is placed in standing position, and the cuff is inflated up to 120 mm Hg. The following description of the method belongs to the original papers from Bartolo et al [3, 4] . "Deflating the cuff we can hear at a certain point a blowing noise. The start of their noise indicates the venous pressure and it is the point where the venous flow re-appears being the pressure higher than the ex- isting one in the cuff, as it occurs when measuring the arterial pressure". The same measurement is performed three times during the diagnostic session in order to verify the reproducibility of the values [4] . Now the patient is asked to perform 10 tip-toe movements by lifting the body on the forward feet, one every second. The inflating-deflating and Doppler detection maneuvers are repeated according with the previous description immediately after exercise. The PVs function was examined on the basis of the Bjordal principle [14] . He used an invasive method and demonstrated that the elimination of the superficial R into the saphenous vein could bring back an incompetent PV to a normal function. In our practice, the elimination of the superficial R into the saphenous vein was performed by applying a rubber tie above the PV subjected to DUS examination in order to verify which PV remained incompetent or was normalized. The presence of R was detected by peripheral compression maneuver and/or by active muscular contraction of the foot.
The findings made it possible to understand whether the R detected into the PV was due to a primary venous dilatation and valvular incompetence or to the R detected into GSV. In some cases, the application of the rubber tie at the thigh or at the leg restored a normal flow in the examined PV. In other cases, the PV remained incompetent.
The PVI values are expressed in mm Hg. All the data obtained were collected by the phlebologic software [9] . The mean values obtained were analyzed by Student's t-test with standard deviation and by Bayesian analysis.
Results

PVI in standing position
The distribution of the VPI values obtained on the GSV district is shown in Figure 2 . The results of the statistical analysis performed by Student's t-test of the data are reported in Table 2 .
The mean PVI values of limbs affected with extended R of the GSV in the thigh and in the leg or detected only in the leg were significantly higher than the ones detected in normal limbs (P < 0.01) and in the limbs with GSV incompetence detected only above the knee (P < 0.05). The VPI values of the limbs with incompetent PVs were significantly higher in comparison with the ones with competent PVs (P < 0.01).
The distribution of the VPI values obtained on the PTV district is shown in Figure 3 . The results of the statistical analysis performed by Student's t-test of the data are reported in Table 3 .
The mean PVI values appeared to be significantly higher in the majority of the cases with incompetent PVs, with or without GSV R (P < 0.01). No relation between GSV R and venous hypertension of the PTV was found.
The mean values of PVI measured in the incompetent SSV were higher of the 58.3% in comparison with normal limbs (P < 0.01), while the combination with incompetent PVs did not change the values (Fig. 4 , Table 4 ).
Ambulatory PVI
The differential value observed between the standing VPI and the ambulatory PVI in the three examined districts was calculated. No significant difference in the GSV district, with Table 5 ).
The mean PVI values measured in the PTV district appeared significantly lower (P < 0.01) in comparison with the normal ones when the GSV R was combined with PV incompetence. An isolated R of the GSV did not influence the mean values of the ambulatory VPI into the deep system (Fig. 6 , Table 6).
The differential VPI of the SSV was measured in a small number of cases, and therefore it was not analyzed.
Statistical analysis
The VPI values measured in the GSV, PTV and SSV in standing position and after 10 tip-toeing exercises were analyzed by Student's t-test and are reported in Figures and Tables 2-6. The mean value of the standing VPI observed in the GSV, SSV and PTV of 162 normal subjects were analyzed by Student's t-test and corresponded to the mean value of 65 mm Hg (range 37.6 -93) (Fig. 2-4) .
The distribution of the VPI detected in the GSV of the limbs with incompetent GSV and in competent GSV is shown in Figure 7 . The details of the Bayesian test are reported in Table 7 .
The statistic Bayesian test was performed in 1,044 limbs. Sensibility, specificity, the positive predictive value and the negative predictive value were calculated taking into consideration the VPI value of 80 mm Hg as resulting by the Bayesian calculator (Microsoft Excel). The higher VPI peak of frequency corresponded to 60 mm Hg in the limbs with competent GSV, while in the limbs with incompetent GSV a peak comprised between 90 and 100 mm Hg was observed. The Bayesian analysis demonstrated that VPI measurement is a highly Figure 6 . The presence of R into the PV appears to be related with a decreased differential VPI measured in the PTV. The exclusion of patients free from IPV the differential VPI remains higher and the difference observed is not significantly different in comparison with the control group. Value
sensible examination: VPI > 80 mm Hg is related with high probability of incompetent GSV. At the opposite, specificity is very low. The low positive predictive value demonstrates that a high VPI is not the expression of GSV incompetence. Therefore, other causes are to be invoked for explaining a GSV incompetence and high VPI. A high negative predictive value indicates that in limbs with VPI > 80 mm Hg the probability to be related with GSV incompetence is very high. The distribution of VPI in limbs with incompetent and competent SSV is shown in Figure 8 . The statistic Bayesian test was performed in 1,044 limbs. Sensibility, specificity, the positive predictive value and the negative predictive value were calculated taking into consideration the VPI value of 70 mm Hg as resulting by the Bayesian calculator (Microsoft Excel). The details of the Bayesian test are reported in Table 8 .
In only three limbs R free (competent SSV) the VPI is > 70 mm Hg. In limbs with incompetent SSV, it is possible to find any VPI value homogeneously distributed. This test demonstrates that no R can be found in SSV of limbs with VPI < 70 mm Hg. At the opposite, the presence of VPI > 70 mm Hg is always related with SSV incompetence.
The distribution of VPI in the PTV of limbs with incom- Figure 7 . VPI distribution in the GSV of the limbs with incompetent and competent GSV. The statistic Bayesian test was performed in 1,044 limbs. Sensibility, specificity, the positive predictive value and the negative predictive value were calculated taking into consideration the VPI value of 80 mm Hg as resulting by the Bayesian calculation. The higher VPI peak of frequency corresponds to 60 mm Hg in the limbs with competent GSV, while in the limbs with incompetent GSV a peak comprised between 90 and 100 mm Hg was calculated. The Statistic Bayesian test was performed in 1,044 limbs. Sensibility, specificity, the positive predictive value and the negative predictive value were calculated taking into consideration the VPI value of 80 mm Hg as resulting by the Bayesian calculator (Fig. 7) . C 0-1, C 2-6 of C.E.A.P. classification. The statistic Bayesian test was performed in 1,044 limbs. Sensibility, specificity, the positive predictive value and the negative predictive value were calculated taking into consideration the VPI value of 70 mm Hg as resulting by the Bayesian calculator (Fig. 8 ). C 0-1, C 2-6 of C.E.A.P. classification.
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petent and competent GSV is shown in Figure 9 . The statistic Bayesian test was performed in 1,044 limbs. Sensibility, specificity, the positive predictive value and the negative predictive value were calculated taking into consideration the VPI value of 80 mm Hg as resulting by the Bayesian calculator (Microsoft-Excel). Two peaks of VPI are visible. The first one corresponding to a maximum of 60 mm Hg in limbs with competent GSV and the second corresponding to a maximum of 80 mm Hg in limbs with incompetent GSV. In only one patient R free the PVI was more of 90 mm Hg. The details of the Bayesian test are reported in Table 9 . This test demonstrates that no R can be found in the GSV of limbs with VPI into the PTV < 80 mm Hg. At the opposite, the presence of VPI into the PTV > 80 mm Hg is always related with GSV incompetence. A significant correlation between VPI and the C of C.E.A.P. of every single limb was found and described in our previous paper [10] (P < 0.05 -0.0001).
Discussion
Many efforts were done in the past and in the present for correctly defining the concept of CVD and chronic venous insufficiency (CVI) of the LL. Many descriptions of the pathophysiological mechanisms which can lead to CVI were also discussed, and the main factor which was often invoked was venous hypertension. However, no indications for a systematic VPM clinical application nor analyzed data can be found in the literature except for the noninvasive Doppler method. The studies performed by Bartolo et al [3, 4] clearly indicate how significant and useful can be the VPI measurement in venous pathophysiology and in the clinical practice.
Unfortunately, in spite of the above mentioned research and concepts, it is possible to read in the literature various sentences and definitions as "venous hypertension, venous insufficiency, iperpression (French), venous congestion, hemodynamic worsening or improvement, VVLL at "high or low pressure" and many others. None of them is sufficiently supported by a convincing hemodynamic instrumental evaluation except for those which were subjected to invasive and noninvasive VPM and/or plethysmographic examinations performed in specialized centers [3-5, 7, 8, 15, 16] .
On the other hand, it must be noted that very small importance was given to the invasive VPM in the past and in more recent guidelines [6] . In recent reports, some perplexities concerning the invasive method can be found and the VPM did not appear to be essential and/or reliable in the diagnostic procedures commonly performed for CVD [8, 17] . The invasive method for the ambulatory VPM, which has been consid- The statistic Bayesian test was performed in 1,044 limbs. Sensibility, specificity, the positive predictive value and the negative predictive value were calculated taking into consideration the VPI value of 80 mm Hg as resulting by the Bayesian calculator (Fig. 9 ). C 0-1, C 2-6 of C.E.A.P. classification.
Value of Doppler Venous Pressure
ered until now the gold standard, has been more recently found not always accurate in detecting changes in the pressure of the tibial and popliteal veins as in the past [17] . It seems also quite obvious that a systematic invasive VPM cannot be nowadays proposed to patients. It has also been confirmed that DUS investigation is the most useful test for detecting and localizing chronic venous obstruction and valvular incompetence. However, it provides relatively little quantitative hemodynamic information and is often combined with measurements of hemodynamic severity determined, at the present time, only by a number of plethysmographic methods [8] .
Coming back to our experience, we can affirm that it is possible to perform systematically every kind of noninvasive vascular diagnostics, often composed by a detailed DUS examination, VPI measurement and/or photo-plethysmography. This made it possible to acquire a large experience which showed how useful is a more accurate morphologic and hemodynamic information concerning the pathophysiological condition of every single case. This experience seems to be helpful for correctly defining the conceptual relation between CVD and CVI. The latter should be represented by the combination of clinical severity, time of pathological R and venous hypertension which can be easily evaluated by the VPI measurement. The data emerging from plethysmography [8, 15, 16] can be extremely useful for detecting the combination of CVD with the venous pump insufficiency due to muscular, joints and skeletal alterations. It seems quite difficult to define all the clinical and hemodynamic conditions as CVI, when all the above mentioned parameters are not combined.
The several diameters were calculated for clinical purposes, but the resulting values were not correlated with the VPI measured in the various districts nor analyzed. The significance of venous diameters in superficial CVD of the LL was previously described in several papers by N. Labropoulos. Here we mention a recent publication [18] .
The present study demonstrated that it is possible to determine the functional condition of different venous districts as the deep system (PTV) and the superficial one (GSV-SSV) by the simple measurement of the VPI in standing position. The dynamic measurement after exercise did not produce significant results, and it appeared sometimes very difficult to be performed in the elder patients, especially for those who were affected with bone and joints pathology, in the cases with chronic painful ulcers and in not compliant patients. The systematical investigation by Doppler standing VPI measurements can also show and explain how the two systems can influence one each other and, sometimes, which role is playing the proximal and/or distal R of the GSV and of the incompetent PVs, so that it is possible to understand whether they are to be surgically eliminated, interrupted or preserved. As it can be easily understood from Figure 3 , a GSV hypertension can increase the pressure in competent PTV. This phenomenon is more evident when PVs of the leg are also incompetent. It is now possible to better define the so called "overload syndrome" which was suspected in the past during previous studies [19] and was often mentioned during various meetings, but never published.
The ambulatory VPI measurements seemed to be helpful in the few cases affected with deep CVI, in the occlusive venous disease, which were not taken into consideration owing to the low number of cases. Nevertheless the statistical analysis of ambulatory VPI values measured in our cases affected with superficial CVD appeared to be of a low significance as previously communicated by other authors who performed invasive [17] and noninvasive [3, 4] VPM. In some of our cases with superficial R combined with incompetent PVs the standing pressure measured in the PTV was significantly higher (Fig. 3, Table 3 ) in confirmation of the "ankle blow out syndrome" described by Cockett and Jones [20] . At the opposite, in the same cases (GSV R + incompetent PVs) the ambulatory VPI of PTV was significantly lower (Fig. 6, Table 6 ). This observation seems to confirm that the venous muscular pump efficiency can lead to normalization of the deep venous hypertension caused by an "overload syndrome", i.e., secondary to superficial R. During the previous experience, which is still in progress in our clinical practice, many advantages in the prophylactic and therapeutic project of every single patient were found. First of all, it seems to be quite reliable that patients with a well-defined CVI have thrombotic risk factors being increased in relation with the severity of the disease detected by the VPI values and not only by means of clinical judgment [10] . It seems also logical to divide the patients, who are candidate to surgical procedures for varicose veins of the LL, into different groups of priority on the basis of such risk factors. A high value of VPI in limbs affected with incompetent GSV must lead the investigators to search for a long R in the GSV and for the presence of incompetent PVs in order to extend the surgical or endovascular treatment to the venous districts responsible for venous hypertension with the main purposes of bringing them back to normal hemodynamic conditions, reducing risks and symptoms and the postoperative recurrent rate. The previous studies [3, 4] have already demonstrated that the VPI of the limbs subjected to the surgical ablation of the incompetent GSV and/or SSV were significantly reduced, therefore, it can be assumed that such hemodynamic approach may be applied even for the patient's follow -up, exactly as plethysmography.
In cases affected with early superficial venous disease, with initial R and limited varicose veins, the VPI measurement can represent a useful parameter for the choice of minimally invasive procedures and for monitoring the disease progression while patients are subjected to conservative treatments. Our experience also demonstrated that VPI does not always correspond to the clinical class of the disease. Therefore, it can be affirmed that such a parameter can easily make it possible to calculate the mean counter pressure necessary in every single limb and, consequently, to chose the more proper class of compression of elastic stockings more than by a simple clinical criterion [10] .
Conclusions
It appears to be advisable to perform systematically the VPI measurements by noninvasive method in all the cases affected with CVD. When the diagnostic findings clearly indicate the combination between morphological alterations, R and hypertension, it seems more proper to define the disease as CVI. Noninvasive VPI measurements represent one of the more simple and repeatable methods to achieve the hemodynamic information which makes possible a more precise selection and follow-up of the patients affected with CVD/CVI. Standing VPI appeared to be a significant evaluation, and it is the expression of the consequences of the functional disorder detected in the various venous districts. R in GSV at the leg and in incompetent PV increases VPI and is strictly related with the severity of the disease. Superficial venous R and hypertension can also lead to secondary deep venous hypertension, and therefore, increase the severity of the disease. The mean VPI standing values detected in every single limb, compared with the mean normal values, is a highly predictive diagnostic and prognostic investigation and gives a great help for any therapeutic decision in the clinical practice as surgery, endovascular treatments, sclerotherapy, physical therapy and patient's follow-up.
